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Abstract  
Using Monte Carlo simulation method, we studied the influence of the disorder, eigenenergy and bandwidth on the 
localization length in disordered system. The results reveal that electronic states of system exhibited localization 
phenomena with the increase of degree of disorder and the localization length can be reduced by the increasing of 
disorder degree. Moreover the incremental range of localization length had a trend to descend with increase of 
bandwidth.
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1.Introduction 
 Electronic wave function of the perfect crystals is a Bloch function. When the orderly structure of 
system was destroyed, electronic states change strikingly. P. W. Anderson [1] pointed out that disorder 
leads to electronic local state. In electronic states of disordered systems research, Anderson constructed 
famous Anderson model, but he only considered the nearest neighbor hopping. Over the last 20 years, 
Anderson, Mott and some physicists deeply researched local conditions of electronic wave function in the 
disordered system [2,3], scale theory [4,5], transition of local state and extended state [6-9], and 
electronic transport characteristics [10-13]. Localization length as quantitative description of the 
electronic localization degree is one of important parameters not only for reflecting system electronic 
properties, but also for measuring transition between metal property and insulation property. 
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In view of the complexity of the disordered system processing, researchers try to adopt the simple 
model to manifest the physical essence. Therefore, one-dimensional disordered Anderson model in single 
electron approximation has been widely used. The one-dimensional model has obtained many significant 
conclusions. But this model, after all, is too simplified, and exits obviously limitations in the actual 
disordered system. An alternative model is two-dimensional disordered system, which contains many 
disordered systems basic principle and has good applications in the actual problem. But the mathematic 
processing of this model is actually quite complicated. So in this work, we adopt Monte Carlo simulation 
method to investigate the local state in two-dimensional disordered system. This method is suitable to 
two-dimensional disordered systems in which band-length and bandwidth are infinite. By using the 
Anderson model of disorder system and adopting the single electron approximationˈwe simulated 
relations between the local length and the eigenvalue of the energy, the disorder and size of systemˈand
discussed emphatically the influence of the disorder W , eigenenergy E  and bandwidth M on localization 
length L  at a fixed bandlength ( N = 200000) with bandwidth 10M  , 20M  , respectively. 
Two-dimensional disordered systems can be regarded as band structure. When bandlength N  is set 
to be 20000, it constitutes an ideal disordered system in which the stability of electronic structure of 
disordered system can be formed. However, in view of operation precision, we take N  as 200000. We 
consider the case of the band with M Nu . Because of the available computer power problem, bandwidth 
had to be set to a little bit small. According to the possibility of the scale theory of limited scale extended 
to infinite width, it can be used to describe the two-dimensional system. 
2.Influence of the Disorder on Localization Length 
Fig. 1  Localization length as a function of  disorder degree. The relevant parameters are chosen as 0E  ,
10M  and 200000N  .
The localization length, which is quantitative description of the electronic localization degree, is an 
important parameter to reflect electronic properties of disordered system, and is also an important index 
to measure transition between system’s metal and insulation properties. Therefore, the degree of disorder 
also affects metallic or insulating behaviour of system.  
We first consider influence of the degree of disorder on localization length with the parameters 0E  ,
10M  and 200000N   as shown in Fig.1. It is obvious that if 5W  , the value of L  diminishes quickly; but 
in the limit where 5W ! , the value of L  reduces very slowly. In general, L decreases gradually with the 
increase of W , i.e., with the increase of the degree of disorder, electronic states appear localization 
phenomenon. The results fully agree with general electronic transport theories. Namely, the degree of 
localization is strengthened due to the increasing of the degree of disorder, which results in obstruction of 
the electronic diffusion.
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Fig. 2  Localization length versus  disorder degree. The relevant parameters are chosen as, 10M  and 200000N  .
In Fig. 2, we show the Localization length as a function of degree of disorder with 10E  , 10M  ,
200000N  . Compared Fig.1 with Fig.2, the plot of localization has a peak at W = 20, which is differ from 
that of Fig.1. The localization length increases with the increase of degree of disorder ranging from 1 to 
20. Analyzing the cause of this phenomenon, one possible explanation is that the number of electronic 
hopping channel increases, and degree of electrons localization reduces when eigenenergy increases. 
Some literatures pointed out that one-dimensional system could also exist extended state if the long-range 
correlation is considered. Another possible explanation is that lattice-point potential is changed due to co-
influences of eigenenergy and the degree of disorder. Different lattice-point potential distributions will 
inevitably influence on electronic dissipation capacity, and both electronic transport property and local 
property will change in the system. Due to the overlap integral between lattice-point potential and lattice-
point meeting some special relationships, abnormal behaviour of electronic local property appears. 
3.Influence of Eigenenergy on Localization Length 
As shown in Fig.1 and Fig. 2, for different energy eigenvalues, the simulation results are different 
even with the same value of bandwidth and bandlength values. It means that influence of eigenenergy on 
localization length is remarkable.  Fig. 3 shows the localization length as a function of the eigenvalue for 
different values M  with 5W  and 200000N  . The localization has several remarkable properties. (1) The 
degree of electronic localization is different for different energy eigenvalue; (2) Both plots for 10M  
and 20 show double peaks structure near the energy band center. The value of the peak for 20M  is
higher than that of 10M  ; (3) the value of localization length at the band center is bigger than that of at 
the edge area of band, even exceed the bandwidth. It means that quasi extended state appears at the center 
part of energy band, namely, the disordered system appears quasi metal behavior.  

Fig. 3  Localization length versus  eigenenergy for different bandwidth. The relevant parameters are chosen 
as 5W  and 200000N  .
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4.Influence of Bandwidth on Localization Length 
The dependence of localization length on bandwidth is further considered. Fig. 4 shows Localization 
length as a function of the bandwidth for different values of degree of disorder W
with 10E  and 200000N  . With increasing of bandwidth, the value of localization length increases 
gradually as shown in Fig. 4. It is easy to understand from the general electronic transport theories. When 
bandwidth increases, the number of electronic hopping channel increases accordingly. As a results, the 
value of localization length increases. The value of localization length will be infinite and the disordered 
system becomes an infinite system if the bandwith tends to be infinite. Thus, the extended state emerges. 
In addition, we can also draw a conclusion that the localization length decreases with the increase of the 
disorder corresponding to the same value of bandwidth. At the same time, the growth rate of localization 
length decreases as bandwidth increases, and for a same value of bandwidth, the localization length for 
the case of 100W   is smaller than that of 80W  as shown in Fig. 4(a) and (b). This tendency comes from 
the fact that electronic hopping becomes more difficult when the degree of disorder increases, and the 
degree of localization is more apparent. In view of this, we expect that localization length decreases with 
increasing bandwidth by increasing the value of the disorder. Then there are extended state and local state 
in infinite two-dimensional system, and there must be a critical disordered value, i.e., there is metal-
insulator transition.

Fig. 4  Localization length  as a function of the bandwidth for different disorder degree. The parameters are given 
by 10E  and 200000N  . (a) 80W   (b) 100W  .
5.Conclusion 
In this ZRUN, the relations between localization length with disorder degree, energy eigenvalue and 
bandwidth for two-dimensional disordered system was simulated by Monte Carlo method. The results 
reveal that electronic states of system exhibited localization phenomena with the increase of degree of 
disorder. For the different energy eigenvalues, the degree of electron localization was also different. The 
degree of electron localization is weak at the energy band center. For increasing the values of energy 
eigenvalue, the degree of electron localization increases. The magnitude of localization length at the 
energy band center is approximately 210 times larger than that of the edge of energy band. It means that 
“quasi extended states” appears at the center of energy band and quasi metallic behavior emerges in the 
system. In addition, under the same bandwidth, the localization length decreases when the degree of 
disorder increases.
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